Mutations underpin the processes in life, be it beneficial or detrimental. While mutations are assumed to be random in the bereft of selection pressures, the genetic code has underlying computable probabilities in amino acid phenotypic changes.
INTRODUCTION
DNA is decoded in the frame of three bases at a time referred to as a codon (Crick et al., 1961) . In eukaryotes, the host translational complex scans the mRNA for the start codon (i.e. AUG encoding for Methionine). Through the binding of amino acid bound-tRNA and codon pairing to anticodons on the tRNA, the codons are translated into amino acids based on the universal genetic code (Crick, 1968) with rare exceptions, and degeneracy at the third base, described as the Wobble Hypothesis (Crick, 1966) . The majority of the common 20 amino acids are encoded by multiple codons (Crick et al., 1961; Lagerkvist, 1978) in the genetic code. Point mutations in DNA underpin many life processes and can occur as insertion, deletion and single nucleotide substitutions (SNS) . Occurring at varying rates in life processes that range from hypermutations in the immune system e.g. antibody generation (Ling et al., 2018; Roth and Craig, 1998; Su et al., 2017) to disease development in cancer (Hanahan and Weinberg, 2011; Hollstein et al., 1991) , and drug resistance (Chiang et al., 2018; Su et al., 2016; Weiss, 1993) , mutations underpin change. Given that insertions and deletions cause frameshifts that are often detrimental in most cases, SNS are generally more frequent and are categorized into missense, nonsense and silent. Nonsense mutations often lead to disease states, for example, betathalassemia (Cao and Galanello, 2010) and cystic fibrosis (Tsui, 1992) , amongst many others. However, non-conservative missense mutations can also cause diseases, as in the case of sickle cell anaemia (The International F.M.F. Consortium, 1997) where a missense mutation occurred on Glutamate (GAG to GTG) in the ßglobin gene.
Analysing the genetic code table, we found clear biases to the changes that mutations can achieve in limited mutation events. It is virtually impossible for Methionine (ATG) to mutate to a codon encoding for Proline (CCA, CCC, CCA, CCG) in a single SNS mutational event even though it is possible to become a Lysine (AAG) or Leucine (TTG). Such observations hint of an in-built probabilistic predisposition of innate mutational constraints. To address this, we analysed the probability of SNS induced changes in all 64 codons, with the aim of calculating the probable change outcomes of each codon.
MATERIALS & METHODS

Base probability of AA / stop signal in SNS mutations.
The calculation of obtaining the particular codon encoding function during SNS mutations of T, A, C, G, respectively or when not specified is as follows in Equation 1: 
RESULTS
We found in-built predispositions in the genetic code when analysing the base probability of the 20 amino acids and stop codons occurring, underpinned by the four bases in specific locations of the codon (see Supplementary Figure S1 and S2A-C).
This is illustrated where with a T in the first position of a codon, there is a bias towards codons encoding Serine (p = .25) over other amino acids (p < .2) as shown in Figure S1 . Studying the probability of a specific amino acid occurrence in the genetic code, predisposed changes to T, A, C or G lead to Leucine (p = .188), Lysine/Threonine (p = .104), Proline (p = .188) and Glycine (p =.188), respectively (Figure 1 ). This is due to the dominance of specific bases in the respective amino acid codons ( Supplementary Table S3 ). Amino acids such as Serine, with a more balanced usage of the four bases, have more evened out probabilities compared with Leucine of also 6 codons. Alternatively, amino acid codons with a heavy bias towards specific bases, such as Proline (towards C) would have a higher probability of occurrence in a base C mutation event.
Calculating the probabilities of the 20 amino acids and stop codon to mutate to one another, there were interesting patterns observed when calculating the specific base changes ( Supplementary Figure S4A-D) . In the event of single G substitutions, Glycine will only mutate to itself. Such self-preservation probabilities are also observed for Phenylalanine in T substitutions, Lysine in A substitutions and Proline in C substitutions (Supplementary Figure S4A-D) .
Probabilities of change to other amino acids were also not uniform (Supplementary When grouped according to their physicochemical types, there are self-preserving biases towards silent and conservative changes within the same amino acid group (Figure 3 ). This self-bias applies to non-polar, polar and positive; the other groups have more levelled probabilities for non-conservative changes. Apart from stop codon self-preservation at p =.148 (Figure 3) , the next highest pre-deposition towards stop codon (nonsense mutation) was by the aromatic group at p=.133.
Specifically, Tryptophan and Tyrosine have the highest probabilities to a stop codon at p = .222 ( Figure 2 ). Despite having a large number of codons encoding them, nonpolar amino acids have extremely low probabilities to change to a stop codon at p = .017 (Figure 3) . Thus, intrinsic barriers against changes of amino acid and at the physicochemical levels are found intriguingly at the nucleic acid level.
DISCUSSION
We found in-built intrinsic biases and barriers to drastic changes within the genetic code. Within single mutational events, there are fixed probabilities for the type of change in selection pressure-free conditions that are far from random.
Within the finite mutational events that can be incorporated into a population (Haldane, 1935) , the rate of diverse disruptive changes is further constrained by the mutational bias towards no change, preservation within the physicochemical group, or a slight trend towards non-polar amino acid codons (Figure 3) . Such predispositions at the nucleotide level supports the proposal of the rarity and optimality of the genetic code (Freeland and Hurst, 1998; Geyer and Madany Mamlouk, 2018; Wichmann and Ardern, 2019) in the universe, especially given the organisation of self-bias statistically in the events of point mutation.
While real-life applications cannot escape codon (Kurland, 1991) and mutational biases, they merely tilt the codon usage/mutation type of the organism rather than modify the innate "hard-coded" probabilities of specific codons mutating to those of amino acids. The predominance of specific tRNAs in species codon biases (Novoa et al., 2019) does not intrinsically change the probability of Glycine codons (GGG, GGA, GGT, GGC) to mutate to Methionine (ATG). Rather, the possible biases that could affect the intrinsic mutation probabilities would arise in the form of misincorporation of specific base pairs during replication/transcription. Factors for such misincorporation can be contributed by the varying availability of specific bases in the cell or biases elicited by enzymes e.g. Cysteine deaminases that lead to an increased misincorporation of U(s) in the presence of specific drugs (Goulian et al., 1980) . Such biases, when analysed using the probability tables, allows an insight into the type of biological effects likely to be created, and even at the change of predisposition of further changes after the initial change.
CONCLUSION
We found statistical evidence that showed self-preservation and biases towards various amino acids in the genetic code table. In the event of substitution mutations, the highest probabilities are still conservative to steer away from aromatic, negative amino acids, and both start and stop codons. Such findings demonstrate selfpreservation at the amino acid level occurring at the nucleotide level.
